Sev," savory prepared from chickpea flour is a popular snack item for its appealing flavor and texture. Mapping and positioning of market samples consisting different varieties like Small (S1, S2, S3), Medium (M1, M2, M3), and Big (B1, B2, B3, B4) were carried out using principal component analysis. Samples were subjected to sensory profiling resulting in small variety samples were crisper compared to other varieties. Texture measurement indicated breaking strength was higher in big variety samples. Color analysis showed significant difference in L * , a * , and b * values. Principal component analysis results indicated that S1 and S2 were associated with crispness, uniform texture, and typical fried oil aroma. Commercially available sev samples were significantly different in their quality parameters, which was indicated by the study. Study showed that small variety (S3) had the highest overall quality among all the samples, which also had high sensory scores for crispness.
INTRODUCTION
Cereals and pulses are consumed as a staple food all over the world. Chemical analysis has shown that the amino acid deficiency in the legumes generally is adequately compensated by the protein of cereals and vice versa, so combination of cereals and legumes offer another alternative for the production of functional foods. [1] These cereals and legumes are widely used in the preparation of a variety of snack foods. Many sweet and savory snacks have been developed using combination of these ingredients. The major components in many food systems are proteins and starch. Protein-starch interactions partially contribute to the characteristic flavor and texture of such products. Further, heating enhances the complexity of protein-starch interactions. Snack food can be a major contribution in the diet and because of this it is a booming industry today. Increasing awareness amongst the consumers has led to demand for high protein, cost effective, and highly acceptable fried snacks. Snack foods are designed to be less perishable, more durable and appealing than natural foods. People eat snacks for pleasure and taste rather than nutritive considerations.
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BHARATH KUMAR, ASHA, AND PRAKASH Snacks are expected to have fresh taste, satiety, be nutritious, be low in sodium and calories, and affordable by the consumers. Among different types of snacks, deep fat fried snacks occupy a special place owing to their characteristic combination of fried oil aroma and unique texture. Consumers today demand variety in their foods besides desirable sensory quality, fair price, safety, nutrition, and easy availability. They also have expectations about specific quality parameters of different classes of foods. For instance, crispness in chips, softness in cakes, chewiness in gums, etc. These, in turn are governed by the constituents of foods and their interactions during processing and storage.
In India, different types of deep fat fried snacks have been studied such as murukku, methupakkoda, sev, and laddu. Ready-to-eat snack foods viz. savory sev, sweet sev, and murukku were studied by substituting soya flour for chickpea flour at different proportions. [2] Among the legumes, chickpea is the most common raw material for making a variety of fried snack foods. Deep-fat frying is one of the oldest methods of cooking that is used extensively. There are various factors involved in the frying operation which affect the oil absorption during deep-fat frying, including quality of oil in which the food is being fried. During the frying process, water is replaced by the oil. Hence, it can be perceived that flour requiring a higher level of water would yield in the final product with higher oil content after the frying operation. [3] Food texture is perceived by human senses through visual, tactile, and auditory stimuli. When food is taken in the mouth, during the first few bites and chews, much of the food structure is broken. This is an important stage at which crisp and brittle foods fracture. And thus, humans perceive textural attributes related to physical structure of foods such as hardness and those associated with breakdown such as crispness. [4] Fried snacks may be legume based or cereal based or dough based or batter based. Sev is a popular extruded, fried snack in India made from chickpea (Cicerarietinum L.) flour dough containing pepper/cumin/ajwain as a flavorant (optional) and is relished for its texture and aroma. Therefore, it was of interest to study sev in detail including positioning of market samples of different varieties. Objective of the study was to assess the variability among commercially available sev samples.
MATERIALS AND METHODS

Procurement of Materials
Three different varieties of sev having small strands (0.8-1.1 mm diameter), medium strands (4-5 mm diameter), and big strands (around 8 mm diameter) were procured from the local market. Four samples of big size (B1, B2, B3, and B4), three samples of medium size (M1, M2, and M3), and three samples of small size (S1, S2, and S3), a total of ten variety of samples were obtained. Samples photographs are shown in Fig. 1 . These procured samples were stored in thick polyethylene pouches in air-tight containers at room temperature for further analysis.
Methods
Method of commercial sev preparation
For sev preparation chickpea flour was extensively used. Chickpea flour was mixed with appropriate amount of water to form smooth and soft dough. While making dough different flavoring additives like cumin seeds, black pepper powder, turmeric powder, asafoetida, red chili powder, and fennel seeds were added. Dough was kneaded and made into small portions. These small portions were then put into an extruder, which is fitted with a die. The dies usually will be in different shapes and sizes to make small, medium, and big strands of sev. Then the dough is extruded on to the hot oil which was in the temperature range of 180-190 • C using sev extruder in to a large frying pan. This was fried for 2-3 min on both the sides, until done to reach desired crispness. Later sev was removed from oil and excess oil was drained. Cooled sev was packed for the commercial selling. [5] QUALITY MAPPING AND POSITIONING OF SEV 2435 FIGURE 1 Photographs of different variety sev samples (S: small, M: medium, B: big).
Sensory Analysis
Sensory analysis was carried out in sensory booth rooms constructed as per the ASTM [6] standards under white fluorescent light, with the booth area maintained at temperature of 20 ± 2 • C and RH 50 ± 5%.
Quantitative Descriptive Analysis (QDA)
QDA was used for sensory profiling of sev. [7] The QDA technique uses trained panelists to identify and quantify sensory properties of a product in order of perception e.g., appearance, odor, taste, etc. The basic steps of this method include development of a lexicon, selection, and training of sensory panelists, individual data collection of repeated measurements, use of line scale and analysis of results by parametric statistics. Initially, ten judges (five male and five female) who regularly participated in sensory analysis studies and had experience in profiling food products were selected as sensory panel members. Sensory descriptors were developed during initial session using "free choice profiling" by panelists. Each member was asked to describe samples of sev with as many spontaneous descriptive terms as they found applicable. The common descriptors chosen by at least one-third of the panel were compiled along with some impact descriptors for preparation of scorecard separately for these sev samples (small, medium, and big).
A structured scale of 15 cm anchored at 1.25 cm on both ends representing low (detection threshold) and high (saturation threshold). Sev samples were served to the panelists in glazed chinaware/porcelain containers coded with three-digit random numbers. Warm water was served along with the samples for palate cleansing. The order of serving the sample was randomized so that bias due to presentation sequence was minimized. Panelists were asked to mark the perceived intensity of each attribute listed on the score card by drawing a vertical line on the scale and writing the code number (on the serving container). The scores for each attribute for a given sample were tabulated, representing the judgment of individual panelists. Finally, mean value was taken for each attribute of a sample, representing the panel's verdict about the sensory quality of the product. This is represented graphically as sensory profile.
Instrumental Color and Texture Analysis
Color of sev packed in polypropylene pouches was measured using Shimadzu (Model MPC-3100, M/s Shimadzu Corporation, Kyoto, Japan) color measuring instrument by reflectance with an integrating spheroid. The L * , a * , and b * values were recorded, wherein L * value indicates lightness of sample. Where, "0" indicates darkness and "100" indicates whiteness. Positive a * value indicates redness and negative a * value indicates green-ness, positive b * value indicates yellowness, and negative b * value indicates blueness. The values were recorded using illuminant "C" as the standard with 2 • observer angle and 5 mm slit width. Texture of sev was measured using Lloyd's Texture Measurement system (Model LR 5K, UK) under the following conditions. Penetration depth was 8 mm; probe diameter was 3 mm; cross head speed was 60 mm/min. The maximum force required to break was expressed as peak force in Newton (N). All the experiments were performed in triplicate and the mean values of the results are presented.
Statistical Analysis
Statistical analysis of data for significant differences among the samples was carried out according to the method of Duncan's New Multiple Range Test (DMRT). [8] Principal component analysis (PCA) was performed using statistical software Statistica V 5.5 from Statsoft, Tulsa, OK, USA.
PCA
PCA is the statistical tool used to identify the smallest number of latent variables, called "principal components," which determines the greatest amount of observed variability. Generally it is possible to determine as much as 75 to 90% of the total variability in a data set consisting of 25 to 30 variables with as few as 2 to 3 principal components. [9] RESULTS AND DISCUSSION Quantitative Descriptive Analysis (QDA)
Among small variety samples, the major differences perceived were in textural attributes such as firmness. Perception of fried oil aroma note was significantly high (p ≤ 0.05), which may be because of the higher surface area resulting in higher oil uptake during frying. The pungent note was significantly low in these samples compared to the other two varieties. Overall quality of small size samples ranged between 9.9 and 12.6 ( Fig. 2a ). Among the medium variety samples, considerable differences were observed in color, oiliness by fingerfeel, texture (firmness and crispness), pulsey, and pungent aroma notes. Overall quality of the samples ranged from 7.5 to 9.7 (Fig. 2b) . In the next category (big variety) of sev, significant difference was seen in the sensory attributes of puffiness, smoothness, firmness, and pungent note among the samples. Overall quality of samples ranged between 8.2 and 10.0 ( Fig. 2c ).
Oil uptake of small varieties sev sample was high compared to medium and big varieties as perceived by mouthfeel and fingerfeel. This may be justified by the results reported by Bhat and Bhattacharya, [10] where it was observed that large size boondi absorbed less oil compared with small ones. So, if the frying material is with larger surface area, like big variety sev, oil absorption may be less. Apart from the size of the frying material, frying medium also plays an important role in oil uptake by the product. [11] It is possible that the commercial sample of sev obtained may be fried in different oils.
Instrumental Color Analysis
Instrumental color analysis (Table 1 ) of sev samples revealed that there was significant difference among the L * value of all the samples. Maximum L * value was observed in S3 (62.4) followed by B2 (61.9). Minimum L * value was seen in B1 sample (44.7). This may be because of the frying condition of the samples, where some samples were slightly dark in color which was the reason for reduction in L * value. Among the samples a * value was also differing significantly due to its color difference like orange and slight brown. Maximum a * value was seen in S2 (18.7) followed by B3 (18.6) and minimum value was observed in B1 (6.1). This may be because of the major chemical reactions which aids in developing color to the fried products, such as caramelization and Maillard reaction. In the process of caramelization, sugars present in the sample dehydrate and simultaneously go through a series of reactions to form caramel, a dark colored pigment. Caramelization reaction is accelerated by high temperature frying. Also reducing sugars which is present in the product reacts with amino acids to form dark brown colored substances in Maillard reaction. [12] Increased reaction and exposure to oil lead to dark color surface, which in turn reduces L * value and increases a * value (+ve). The b * value was almost toward the higher +ve values, indicating the increased yellowness of samples due to the presence of chickpea flour (Bengal gram flour), which contains beta carotene as a color pigment. Here, maximum b * value was observed in S3 (51.6) indicating yellow color among all the sample groups followed by S1 (48.4). Small strand samples were intensely yellow in color compared to others, probably due to higher surface area. Minimum a * value observed in B1 sample (11.1), may be attributed due to leachout of pigments during frying. [13] It is important to note that compositional differences also contribute to difference in color. Breaking strength is an objective for evaluation of texture. "Three-point bend rig" was used to measure this, using Lloyd's Texture Measurement system. Frying is a complex process that needs to be studied to control the quality parameters of the fried foods. Perception of texture especially in fried food products is significantly affected by its major and minor constituent ingredients, including water content while preparing dough. [14] One of the major changes observed is change in texture of the food. Instrumental texture analysis results showed that breaking strength of sev samples differed with their shapes (Table 1 ) and this may also depend upon extent of frying. Typical graph of texture analysis (B2 and M1) is presented in Fig. 3 . Only big and medium variety sev samples were analyzed for their textural properties. Small variety samples were excluded due to their very small diameter and structure, which made texture analysis impractical. Among the samples analyzed, big variety showed higher breaking strength compared to medium variety samples. This may be due to its surface area and strength of the sample to bear the force. Here, samples were both crisp and relatively hard. Among the big variety samples, B2 showed higher breaking strength (15.86N) followed by B1 (12.27N), indicating its hardness and crispness. Least breaking strength was seen in M2 (1.04N), which was crispier but with less hardness. These samples were comparatively oilier in nature. The pore size distribution in the sev samples and/or mass of air developed during frying process would result in higher oil content due to high capillary pressure within the pores during cooling. [15] Porosity of samples and compositional differences also account for difference in texture.
The process of mastication is facilitated by mechanical action. Lubrication is provided by the saliva in the mouth released during chewing. Anticipation and desirable food aroma of food can lead to secretion of adequate quantity of saliva. In addition to saliva, the composition of food (fat and moisture) also contributes to lubrication. All these acting in concert, influence the overall perception of quality of food by humans. Saliva also acts as a solvent for water-soluble food components, further contributing to enhanced perception of food quality.
Human perception of food is a highly complex and dynamic process as the nature of food constantly changes in the mouth as it is masticated/manipulated. The mechanoreceptors present in the mouth-hard and soft palate, tongue, gums, at the roots of teeth, in the tendons, and muscles-are the sensory modalities responsible for perceiving texture and mouthfeel. When a crispy or crunchy food is bitten and chewed there occurs a phenomenon called "fracture" of sample. This is facilitated by release and consequent mixing with saliva. Major physical changes in the food at this stage include flavor release and evaluation of textural attributes of food. [16] Sharp, crackling sounds are produced when chewing crisp, crunchy foods. These are associated with certain textural attributes which add to meet the consumer's concept of "ideal product." Mechanical tests of the samples to access the physical parameters are, therefore, indicators of crisp and crunch properties of firm foods. Consumers are often disappointed when this need is not met, which in turn affect the product rating by them. Texture forms an important component of the pleasurable sensation derived by eating certain food classes to which snacks invariably belong. Sound emission from crisp and crunchy foods is of great importance in the perception of texture. [17, 18] In the light of these observations, it has noted that sensory quality of the commercial samples differed significantly.
PCA of Sensory Attributes
PCA basically analyzes the correlation matrix of the variables. PCA is used to analyze the correlation structure of a group of multivariate observations and provides the axis along which the maximum variability in the data occurs. PCA generally has two axes. The axis along which maximum variability in the data occurs is called the first principal component. The second principal component is the axis along which the greatest amount of remaining variability occurs, subjected in such a manner that the axes must be perpendicular to each other. For the description among the original variables, PCA can be used to display the relative "locations" of the samples. PCA provides a way to summarize data collected on a large number of variables in fewer dimensions. Number of variables that are studied should not be reduced based on PCA results. [19] PCA results are shown in Fig. 4 . Principal component axis 1 (PC 1) accounted for 38%, while PC 2 accounted for 22% of the total variance. As shown in Fig. 4 , evenly distributed attributes along with the associated samples were observed. B2 and M2 are more yellowish in color complemented by instrumental color measurement, whereas, B3 and M3 were seen in negative X axis characterized by pulsey and spicy aroma. On the other hand, S1 and S2 were associated with crispness, fried oily aroma and with oily surface, which were further complemented by sensory texture values. Grittiness and pungent aroma were observed in B4 sample. 
CONCLUSION
Consumer sensory appreciation is largely determined by texture perception. Understanding the relationship between food structure and texture perception is of paramount significance for the production of texturally attractive foods. Significant variability was observed in the commercially available sev samples as indicated by the study. One of the samples from small variety (S3) had the highest overall quality among all the samples, which also had high sensory scores for crispness and oiliness.
